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SUMMARY 


^  •  *  — \ 

The  current-Lreport  describes  the  results  of  2.5  years  of 
study  of  factors  regulating  populations  of  Mansonia  dvari .  a  pest 
mosquito  and  potential  disease  vector  in  south  Florida.  Sites  of 
high  and  low  M.  dvari  density  were  selected^ in  northern  St. Lucie 
County^and  through  regular  sampling  compared  in  particular 
characteristics  which  included:  abundances  of  all  mosquito  life 
stages,  seasonal  growth  of  the  host  plant  Pistia  stratiotes. 
water  quality,  and  associated  invertebrate  fauna.  {*'),& - 

Fortnightly  surveys  for  22  months  revealed  higher  densities 
of  Mansonia  egg  masses  at  an  abandoned  aquaculture  pond  (CF)  than 
at  a  roadside  drainage  ditch  (HWY  614) .  Egg  densities  peaked  in 
the  autumn.  Mansonia  larvae  and  pupae  recovered  from  P. 
stratiotes  in  monthly  quadrat  samples  were  on  average  10X  more 
abundant  at  CF  than  HWY  614.  Larvae  peaked  in  density  in  the 
autumn  and  early  winter.  Adult  Mansonia  captured  in  emergence 
traps  placed  over  water  lettuce  were  also  more  abundant  at  CF  on 
most  sampling  dates.  Mansonia  titillans  was  found  to  represent  a 
significantly  higher  proportion  of  the  total  Mansonia  crop  at  HWY 
614  compared  to  CF. 

Measurements  of  stratiotes  growth  revealed  comparable 

seasonal  patterns  at  both  sites:  winter  mortality  of  larger 
plants,  spring  recrudescence  by  vegetative  budding,  and 
achievement  of  maximum  leaf  areas  and  plant  biomass  in  autumn  and 
early  winter.  Hibernal  mortality  of  water  lettuce  was  more  severe 
at  HWY  614,  and  root  biomasses  approached  zero  for  several 
sampling  occasions  at  this  site  after  winter  cold.  Peak  flowering 
occurred  synchronously  at  both  sites  in  December.  The  growth  and 
declination  of  individual  JPj_  stratiotes  leaves  were  measured  and 
expressed  as  functions  of  leaf  age. 

Nitrates,  nitrites,  phosphates,  ammonium,  dissolved  oxygen, 
pH  and  water  temperatures  were  measured  monthly  on  water  samples 
from  both  sites.  Concentrations  of  total  phosphates  were 
dramatically  higher  at  CF  and  the  water  pH  slightly  more  acidic 
at  HWY  614. 

Invertebrate  fauna  captured  in  emergence  traps  over  water 
lettuce  and  the  aquatic  invertebrates  associated  with  P . 
stratiotes  roots  were  counted  and  classified,  and  all 
identifications  resolved  to  date  are  provided  as  appendices  to 
this  report.  Diptera  numerically  dominated  in  both  types  of 
collections,  but  Odonata  were  estimated  to  account  for  over  75% 
of  the  biomass  of  invertebrates  on  P^.  stratiotes  roots.  Seven 
species  of  odonates  were  recognized,  and  monthly  length  and 
density  measurements  allowed  growth  and  survival  estimates  of  the 
most  abundant  species. 

Mansonia  egg  masses  were  recovered  on  both  the  upper  and 
under  surfaces  of  Pj.  stratiotes  leaves.  Mansonia  titillans  was 
shown  to  be  capable  only  of  under-surface  oviposition  typical  of 
members  of  this  genus,  but  M^.  dvari  was  labile  in  egg  placement 
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behavior.  Approximately  two-thirds  of  Mj_  dvari  egg  masses  were  on 
upper  leaf  surfaces  of  intact  plants,  selection  of  these  sites 
regarded  as  an  evolutionary  specialization  to  the  growth  form  of 
P.  stratiotes .  Upper-surface  egg  masses  laid  out  of  water 
approach  submersal  during  the  long  period  of  incubation  while 
senescing  leaves  droop  towards  the  water  surface.  When  gravid  M. 
dvari  were  offered  flat  leaves,  all  eggs  were  deposited  on  under 
surfaces.  Among  all  leaves  surveyed,  the  distribution  of  egg 
masses  was  highly  clumped.  The  mean  angles  of  leaves  with  eggs 
were  no  different  for  upper  and  under-surface  masses. 

Predation  upon  Mansonia  larvae  in  nature  was  confirmed  by 
gut  content  analyses  of  mosquitof ish ,  Gambusia  af finis .  and 
common  odonates.  Among  captured  predators  with  identifiable 
invertebrate  remains  in  guts,  43.5%  of  (L.  af finis  and  20.7%  of 
odonates  contained  pieces  of  Mansonia  exoskeleton.  The  ability  of 
G.  af finis  to  glean  Mansonia  from  roots  was  confirmed  in 
experiments  with  larvae  attached  to  P*.  stratiotes  in  aquaria. 

Day  and  night  sampling  at  CF  did  not  support  the  published 
notion  of  nocturnal  larval  dispersal  of  Mansonia.  Some  interplant 
movement  by  mature  larvae  was  confirmed  by  experiments  which 
assessed  recruitment  to  'cleaned'  stratiotes  set  in  ponds.  The 
stimuli  responsible  for  larval  dispersal  remain  unresolved,  but 
may  be  related  to  larval  density. 
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I.  Statement  of  Problems 

In  southern  -Florida  Hansonia  dvari  is  a  pest  mosquito  and 
potential  vector  of  St.  Louis  encephalitis  (1)  .  This  species  is 
closely  associated  with  water  lettuce,  a  tropicopolitan  floating 
macrophyte  common  in  freshwater  lakes,  ponds  and  canals  (2) .  The 
attachment  of  larvae  and  pupae  to  the  roots  of  aquatic  plants 
protects  Mansonia  mosquitoes  from  conventional  mosquito  control 
methods.  Owing  to  difficulties  in  sampling  and  rearing,  the 
ecology  and  behavior  of  EL.  dvari .  especially  its 
interrelationship  to  its  host  plant  Pj.  strat iotes  and  co¬ 
occurring  aquatic  organisms,  have  been  poorly  studied. 

II.  Background 

Mosquitoes  of  the  genus  Mansonia  (s.s.)  are  vectors  of 
important  tropical  diseases  such  as  filariasis  (3,4), 
encephalitis  (5)  ,  and  other  viral  maladies  afflicting  man  (6) . 
Without  exception,  members  of  the  genus  attach  by  larval  siphons 
or  pupal  trumpets  to  the  root  systems  of  aquatic  plants.  Earlier 
field  studies  on  this  mosquito  group  in  Florida  described 
sampling  methods  and  seasonality  (7-10)  and  distribution  among 
available  plants  (8,11).  Slaff  and  Haefner  (11)  confirmed  that  M. 
dvari  preferred  water  lettuce  for  larval  attachment. 

Neither  in  Florida  nor  elsewhere  have  there  been  concerted 
attempts  to  investigate  factors  which  regulate  natural 
populations  of  Mansonia.  Any  effort  to  investigate  Mansonia  life 
histories  must  incorporate  information  about  the  distribution  and 
abundance  of  its  host  plant.  Surprisingly,  because  of  its 
abundance  in  Florida,  the  growth  and  productivity  of  P. 
stratiotes  has  been  examined  only  by  Odum  (12)  in  a  spring 
habitat  atypical  for  this  macrophyte.  No  studies  examining  biotic 
interactions  between  Mansonia  and  co-occurring  aquatic  organisms 
have  been  undertaken  in  Florida  save  for  preliminary  observations 
in  aquaria  (13) . 

III.  Rationale 

The  research  described  herein  was  undertaken  in  the 
expectation  that  appropriate  observations  and  experiments  would 
reveal  interrelationships  between  the  abundance  of  ML.  dyari .  the 
growth  of  its  host  plant,  water  quality,  associated  aquatic 
organisms,  and  specialized  behaviors  adaptive  to  the 
stratiotes  host.  Because  of  the  diversity  in  biological  systems 
and  insights  gained  by  comparisons,  two  field  sites,  both 
containing  abundant  water  lettuce  but  known  to  differ  in  FL  dvari 
densities,  were  contrasted  in  most  measures  of  the  plant  and 
invertebrate  communities. 
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IV.  Experimental  Methods 


Fig.  1.  Location  of  study  areas  In  northern  St.  Lucie  County,  Florida.  Chinese  Farm  (CF)  was 
composed  of  abandoned  aquaculture  ponds  and  Highway  614  (HWY614)  a  drainage  canal  along  a 
roadside. 


The  two  field  sites  (sa  27°  30'  N,  80' 30'  W)  were  located  on 
the  eastern  coast  of  Florida  in  northern  St.  Lucie  County 
(Fig. 1) •  This  region  is  characterized  by  a  subtropical  climate 
with  seasonal  rainfall  occuring  primarily  in  the  summer  and 
autumn  (Figs.  2,  3).  The  Chinese  Farm  (CF)  site  was  composed  of 
abandoned  aquaculture  ponds  (17  X  10  m)  colonized  by  P^. 
stratiotes.  One  of  these  ponds  (A8),  its  perimeter  vegetation 
consisting  mostly  of  high  grass,  was  used  for  all  regular  plant 
and  invertebrate  trapping  between  September  1985  and  June  1987. 
The  Highway  614  site,  a  roadside  drainage  canal  9  m  in  width 
containing  P*.  stratiotes,  was  monitored  for  the  same  time  period. 
Water  lettuce  grew  in  monocultures  at  both  study  sites. 
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DATE  1985-1987 


Fi*.  I.  Monthly  low  and  Man  ambient  temperatures  during  the  study  period  at  a  site  10  km  to  the 

northwest  of  CF  and  HWY614.  | 


Growth  of  water  lettuce 

The  methods  used  for  sampling  plants  were  a  modification  of 
those  described  by  Hall  &  Okali  (14)  for  measuring  growth  of  P^_  I 

stratiotes  cn  a  tropical  lake  in  Ghana.  Rectangular  grids  2X5 
m  were  established  at  CF  and  HWY614,  their  perimeters  defined  by 
PVC  pipes.  Each  grid  was  considered  to  consist  of  96  discrete 
quadrats  each  measuring  30  X  30  cm,  after  exclusion  of  a  10  cm 
border  around  the  interior,, of  the  grid.  At  approximately  30  day 
intervals,  five  quadrat  samples  were  '  selected  at  random, 
excluding  any  quadrats  contiguous  to  one  another.  No  samples  were 
collected  during  February  1986  due  to  a  temporary  scarcity  of  P. 
stratiotes. 

Each  quadrat  sample  consisted  of  a  900  cm2  section  of 
vegetation  and  the  underlying  water  column  to  an  average  depth  of 
35  cm.  Quadrat  samples  were  collected  using  a  stainless  steel 
sampling  tool  30  X  30  X  70  cm  with  serrated  teeth  around  the 
perimeter  of  the  bottom  to  penetrate  the  ^  stratiotes  mat 
(Fig. 4).  A  trap  door  inside  the  tool  was  closed  after  penetration 
of  the  vegetation  allowing  the  underlying  water  column  to  be 
collected  with  the  sample. 
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Each  sample  was  placed  in  a  20-litre  bucket  and  returned  to 
the  laboratory.  The  number  of  £j.  stratiotes  plants  were  counted 
as  well  as  the  number  of  leaves  and  floweis  on  each  plant.  Since 
some  plants  and  leaves  were  cut  by  the  sampling  tool,  fragments 
consisting  of  50%  or  greater  of  a  plant  rosette  were  counted  as  a 
whole  plant,  while  lesser  portions  of  rosettes  were  not  tallied. 
Complete  or  partial  leaves  that  were  attached  to  a  rosette  were 
included  in  counts  of  the  number  of  leaves  per  plant.  Both 
attached  and  detached  leaves  were  included  in  measurements  of 
leaf  surface  area  determined  with  a  Licor  Leaf  Area  Meter.  Dry 
weights  of  leaves  and  roots  were  measured  after  oven  drying  at  80* 
C  for  48  hours.  Leaves  that  were  more  than  50  %  decayed  were  not 
included  in  any  of  the  above  measurements. 


Relative  growth  rates  (RGRs)  of  JPj_  stratiotes  were  estimated 
following  the  methods  of  Hall  &  Okali  (14)  except  that  leaf  and 
root,  but  not  rhizome,  biomass  were  used.  Hall  &  Okali  reported 
that  changes  in  biomass  did  not  significantly  affect  the  ratio  of 
leaf  to  non-leaf  components,  the  leaves  accounting  for 
approximately  90%  of  the  plant  biomass  in  their  study.  Therefore, 
RGRs  calculated  on  the  basis  of  leaf  and  root  biomass  should  be 
comparable  to  RGRs  calculated  on  the  basis  of  whole  plant 
biomass,  although  the  more  severe  winters  of  subtropical  Florida 
compared  to  tropical  Ghana  might  effect  significant  changes  in 
the  ratios  of  plant  components.  The  formulae  of  Hughes  &  Freeman 
(15)  were  adapted  for  RGR  calculations: 

RGR  =  1/W  X  dW/dt 

approximated  by:  RGR  =  1/WQ  X  (Wj^-Wq)/ (tj-tjj) 
where  W  =  observed  biomass 
and  Wn  =  observed  biomass  at  time  tn 

At  CF  and  in  plastic  wading  pools  at  the  Florida  Medical 
Entomology  Laboratory  (FMEL)  6.6  km  to  the  north  of  the  study 
sites,  the  growth  rates  of  individual  gj_  stratiotes  plants  were 
measured  by  recording  changes  in  lengths  of  individual  leaves  and 
changes  in  leaf  angles  from  the  horizontal  with  time.  Individual 
leaves  were  tagged  as  they  unfurled  (day  0)  and  lengths  and 
angles  recorded  twice  weekly,  these  measurements  terminating 
either  when  an  entire  leaf  contacted  the  water  surface  and 
subsided,  or  was  badly  damaged  by  insect  grazing.  These 
observations  were  made  from  late  July  through  early  October  1986 
when  leaf  surface  area  was  high  (Figs.  4  &  5)  and  neighboring 
plants  were  closely  packed  in  nature. 

Water  chemistry 

Monthly  water  samples  from  the  two  sites  were  analyzed  with 
Hach  Kit  reagants.  Dissolved  oxygen  (D.O.)  was  determined  by  the 
modified  Winkler  titration  method,  ammonium  nitrogen  by 


11 


Nesslerization,  nitrate-nitrogen  by  diazotization,  and  total 
phosphate  by  the  -'ascorbic  acid  method.  An  Orion  pH  meter  (model 
211)  was  used  to  measure  pH  in  situ  at  the  time  of  water 
collection  (early  PM)  when  water  temperatures  were  also  taken. 

Monitoring  Mansonia  life  stages 

From  September  1985  through  June  1987,  fortnightly  egg  mass 
surveys  were  made  at  CF  and  HWY  614.  Both  the  upper  and  under 
surfaces  of  100  or  more  leaves,  >  10  cm  in  length,  were  inspected 
on  ten  or  more  plants  for  unhatched  Mansonia  egg  masses.  Plants 
were  selected  haphazardly  by  two  or  more  inspectors  working 
different  parts  of  the  habitat.  Collected  egg  masses  were  brought 
to  the  laboratory  to  confirm  viability  by  hatching.  First  instar 
larvae  of  the  first  150  collected  egg  masses  were  preserved  in 
70%  ethanol  and  the  head  capsule  widths  of  25  larvae  from  each 
mass  were  measured  under  50X  to  separate  Hs_  dvari  from  M. 
titillans  according  to  the  size  criteria  reported  by  Nemjo  & 
Slaff  (16) . 

Larvae  and  pupae  of  Mansonia  were  dislodged  from  Pistia 
roots  by  vigorous  shaking  of  plants  collected  in  monthly  quadrat 
samples.  Live  invertebrates  were  sorted  from  debris  in  enamel 
pans  after  washing  the  non- vegetative  portion  of  samples  with 
clean  water  in  sieves.  Mansonia  larvae  were  counted  and  separated 
by  instar  ,  but  ML_  dvari  were  not  discriminated  from  M. 
titillans. 

The  weekly  emergence  of  adult  Mansonia  was  monitored  at  each 
site  on  alternate  weeks  with  two  pyramidal  traps  which  floated 
atop  one  square  meter  of  P^.  stratiotes  ( 17 ) .  Insects  caught  upon 
the  adhesive  Tack  Trap  plate  at  the  apex  of  the  pyramid  were 
brought  to  the  laboratory  for  preliminary  identifications, 
including  the  separation  of  adult  IL  dvari  from  JL  titillans.  The 
sticky  plates  used  for  trapping  were  kept  off  of  pyramids  on 
alternate  weeks.  Before  plates  were  reinstalled,  traps  were 
cleaned  of  spiders  and  aerial  predators,  esp.  adult  Odonata.  At 
six  to  eight-week  intervals,  trap  locations  were  changed  to  allow 
for  possible  local  depletion  of  Mansonia. 

Oviposition  site  selection 

Preliminary  surveys  for  Mansonia  eggs  revealed  the  location 
of  masses  on  both  the  under  and  upper  surfaces  of  stratiotes 
leaves.  Since  members  of  this  genus  were  not  previously  known  to 
lay  eggs  on  the  upper  surfaces  of  floating  macrophytes, 
oviposition  site  selection  was  examined  in  greater  detail.  Leaves 
with  viable  masses  collected  at  CF  and  HWY614  between  September 
1985  and  April  1986  were  brought  to  the  laboratory  where  egg  mass 
locations  were  mapped  in  relation  to  the  leaf  edge,  topography, 
and  a  'water  line'  3-8  cm  from  the  leaf  base.  For  all  surveys, 
the  number  of  egg  masses  on  the  upper  versus  under  surfaces  of 
leaves  was  recorded.  The  number  of  egg  masses  on  a  leaf  and  on  a 
plant  were  scored  to  obtain  evidence  of  clumping  (overdispersion) 
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of  masses. 

For  oviposition  site  selection  experiments  in  the 
laboratory,  inseminated  Mansonia  females  were  captured  in  'lard- 
can*  traps  (18)  baited  with  a  chicken.  Females  were  allowed  to 
blood-feed  on  a  chicken,  then  held  for  7-8  days  at  24-26*0  in  a 
cage  (900  square  cm)  without  access  to  an  oviposition  site.  For 
experiments,  oviposition  substrates  were  inserted  overnight  in  a 
tray  of  water,  and  the  locations  of  egg  masses  scored  on  the 
following  day. 

For  egg  masses  of  known  ages,  the  timing  from  oviposition  to 
hatch  was  measured  in  the  laboratory  at  20  and  26  9  C.  To 
investigate  a  possible  relationship  between  egg  mass  age  and  leaf 
angle  from  the  horizontal  in  nature,  angles  of  leaves  with  viable 
masses  were  measured  at  CF,  and  eggs  were  returned  to  the 
laboratory  and  incubated  to  determine  the  date  of  hatching  at  a 
constant  temperature. 

Because  many  viable  egg  masses  were  found  out  of  water, 
experiments  were  conducted  to  determine  the  survivorship  of 
larvae  which  hatch  before  eggs  are  submersed.  Egg  masses  were 
incubated  on  damp  filter  paper  until  the  day  of  hatch,  this  event 
recognized  by  the  lifting  of  the  micropylar  egg  cap  by  first 
instar  larvae.  Egg  masses  were  submersed  one,  two  or  three  days 
after  hatching,  and  the  number  of  viable  and  dead  larvae 
recorded . 

Other  fauna 

Attempts  to  identify  all  fauna  in  quadrat  samples  are  still 
in  progress  at  this  writing.  Collected  specimens  were  morphotyped 
and  sent  to  specialists  for  identifications.  Of  these,  generic 
and  specific  names  were  obtained  for  certain  groups  such  as 
Odonata  and  certain  Coleoptera,  but  many  other  invertebrates 
remain  identified  only  to  family  level  (Appendix  I) . 

Except  for  the  minute  Crustacea  and  Acarina,  numbers  of 
individuals  of  each  morphotype  were  recorded  for  each  quadrat 
collection.  The  length  of  every  odonate  specimen  was  measured. 
For  other  groups, the  average  lengths  of  individuals  were 
estimated  from  preserved  aliquots  of  each  morphotype.  The  length 
measurements  were  used  to  estimate  the  biomass  contributions  of 
the  respective  insect  orders  according  to  regression  equations 
provided  by  Smock  (19) . 

Adult  insects  caught  in  emergence  traps  were  also  sent  to 
taxonomists  for  identifications.  Genus  and  species  names  acquired 
to  date  are  listed  in  Appendix  II. 

Predation  on  Mansonia  larvae 

Preliminary  experiments  revealed  that  potential  predators, 
notably  fish  and  odonate  larvae,  retained  recognizable  pieces  of 
exoskeleton  in  their  guts  after  ingestion  of  Mansonia  larvae.  On 
four  occasions  odonate  larvae  were  dislodged  from  Pistia  roots  at 


13 


CF  and  preserved  in  70%  ethanol  within  one  hour  after  capture. 
Larval  lengths  were  measured  and,  in  some  instances,  predators 
were  identified  *to  species  before  gut  dissections.  Guts  were 
scored  either  as  empty  (without  food) ,  with  unidentifiable 
remains,  or  remains  of  identified  invertebrates,  including 
Mansonia  larvae  which  were  recognized  by  their  saw-toothed 
siphons. 

On  two  occasions  fish  were  captured  with  a  Hart  trap  (20)  or 
20-litre  bucket  and  immediately  preserved  in  fixative.  Fish  were 
identified  to  species,  measured,  and  dissected  to  examine 
invertebrate  remains  in  their  guts.  At  the  conclusion  of  these 
observations,  17  aquaculture  ponds  which  contained  I\.  stratiotes 
were  surveyed  for  fish  with  Hart  traps  and  for  Mansonia  larvae 
and  pupae  by  shaking  three  plants  per  pond. 

To  investigate  further  fish  predation  on  Mansonia.  known 
numbers  of  Gambusia  af finis  or  Heterandria  formosa  were 
introduced  into  aquaria  which  contained  stratiotes  and  known 
numbers  of  attached  larvae.  After  48  hours  of  exposure,  the 
contents  of  the  aquaria  were  examined  and  compared  to  control 
tanks  which  had  no  introduced  predators.  Similar  laboratory 
experiments  were  performed  using  odonate  larvae  captured  in 
quadrat  samples  as  predators  of  Mansonia  larvae  attached  to  P. 
stratiotes  in  beakers  or  aquaria. 

Larval  dispersal 

Bailey  (21)  reported  that  nocturnal  collections  of  Mansonia 
from  water  lettuce  yielded  significantly  fewer  larvae  than 
diurnal  collections.  On  the  basis  of  these  results  he 
hypothesized  that  larvae  detach  and  disperse  among  plants  at 
night.  To  substantiate  the  nocturnal/diurnal  difference  in 
Mansonia  abundance  on  water  lettuce  roots,  Bailey's  (21)  sampling 
regimen  was  repeated  in  a  pond  at  CF.  Ten  plants  were  chosen 
haphazardly  at  9:00  PM  and  their  larval  and  pupal  numbers 
compared  to  the  yields  from  ten  plants  collected  from  the  same 
pond  at  9:00  AM  the  following  morning. 

A  separate  set  of  ej^periments  examined  the  colonization  of 
'cleaned'  P*.  stratiotes  plants  deposited  in  ponds  with  known 
Mansonia  densities.  Ten  to  twenty  large  plants  were  brought  to 
the  laboratory  and  vigorously  shaken  in  20-litre  buckets  to 
dislodge  all  larvae  and  pupae.  The  numbers  of  larvae  and  pupae 
recovered  from  five  plants  were  recorded,  and  cleaned  plants  were 
carefully  returned  to  their  original  habitats.  At  one  hour  and 
one,  four  and  eight  days  after  setting,  five  of  the  cleaned 
plants  were  retrieved  and  the  numbers  and  instars  of  attached 
larvae  identified  in  the  laboratory  by  previously  described 
methods. 
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V.  Results 


Both  average  leaf  size  and  leaf  area  per  plant  declined  in 
the  winter  and  did  not  increase  again  until  late  spring  in  1986 
(Figs.  5  &  6).  At  both  sites  a  similar  pattern  was  observed  in 
1987,  but  the  decreases  were  less,  likely  because  of  the  absence 
of  sub-freezing  temperatures  in  the  winter  of  1987  (Fig.  2)  . 
Owing  to  hibernal  mortality  of  larger  plants  and  the  vegetative 
propagation  of  small  immatures,  plant  and  leaf  density  peaked 
late  in  the  winter  of  1986  at  CF  (Figs.  7  &  8)  .  Because  the 
winter  depression  of  £*.  stratiotes  persisted  longer  at  HWY  614 
(Figs.  5  &  6) ,  the  post-winter  peak  in  leaf  and  plant  density  was 
delayed  until  early  summer  at  this  site  (Figs.  7  &  8) . 

Plant  density  was  inversely  related  to  plant  size  and 
appeared  to  fit  negative  exponential  relationships  at  both  CF  and 
HWY  614  (Fig.  9) .  Maximum  plant  densities  and  leaf  areas  were  2- 
4X  higher  at  CF  than  at  HWY  614. 
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Fig.  5.  Seasonal  changes  In  aean  area  per  leaf  of  stratiotes  from  five  quadrat  samples 
collected  aonthly  at  two  sites.  Vertical  lines  denote  *  1  s.e. 
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FI9.  0.  Monthly  leaf  densities  of  stratlotes  In  five  quadrat  samples  collected  at  two  sites. 
Vertical  lines  denote  ♦  1  s.e. 


A  pronounced  seasonality  was  observed  in  the  time  of 
flowering,  quadrat  samples  taken  in  December  of  1985  and  1986 
exhibiting  more  than  twice  the  number  of  flowers  per  plant  than 
observed  at  any  other  time  of  the  observation  period  (Fig. 10). 
Several  immature  seeds  were  recovered  from  sampled  plants  in 
December  1986,  but  none  at  any  other  time. 

At  most  sampling  periods  average  root  biomass  was 
approximately  ten  times  greater  at  CF  than  at  HWY  614  (Fig.  11) . 
The  winter  mortality  of  P^.  stratiotes  at  HWY  614  reduced  root 
availability  tov  near  zero  from  March  through  May  of  1986.  The 
composite  biomass  of  roots  plus  leaves  was  less  at  HWY  614  than 
at  CF  during  all  sampling  intervals  but  one  (Fig.  12) . 

RGRs  observed  at  CF  fluctuated  between  0.2  and  -0.2  g/g/week 
(Fig.  13) ,  this  range  similar  to  that  observed  by  Hall  &  Okali 
(14)  for  stratiotes  in  Ghana.  Negative  growth  rates  occurred 
primarily  in  the  winter  months  at  both  CF  and  HWY  614.  RGR  values 
well  above  0.2  g/g/week  occurred  at  HWY  614  after  the  winter  die¬ 
off  of  Pjj.  stratiotes  when  plant  biomass  had  dropped  to  near  zero 
at  that  site. 
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MEAN  LEAF  AREA  (cm“2)  PER  P.  STRATIOTES 

Flcf.  9.  Hater  lettuce  plant  density  plotted  versus  nean  leaf  area  per  plant  froa  quadrat  saeples 
collected  Monthly  fro*  November  1985  through  April  1987  at  <AI  Chinese  Fare  and  <B)  Highway  61«. 
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Fig.  12.  Monthly  root  plus  leaf  dry  weight  from  five  quadrat  samples  collected  at  two  sites. 
Vertical  lines  denote  +  1  s.e. 
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Fig.  13.  Changes  In  Relative  Growth  Rate  <RGR)  based  on  Monthly  biomass  determinations  of  [\ 
stratlotes  from  quadrat  samples. 


0 


2 


The  increase  in  leaf  length  was  fastest  during  the  first 
week  after  unfurling,  the  rate  of  elongation  declining  in 
successive  weeks  thereafter  (Fig.  14).  Leaves  in  the  wading  pool 
at  FMEL  did  not  grow  as  large  as  those  at  CF  during  the  30-day 
observation  period.  The  average  angle  of  leaves  with  respect  to 
the  water  surface  declined  with  leaf  age  at  similar  rates  at  both 
CF  and  FMEL  (Fig.  15) .  Plants  at  CF  were  more  densely  packed  than 
at  FMEL,  the  pressure  of  neighboring  plants  at  the  first  site 
maintaining  higher  angles  with  respect  to  the  horizontal. 
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Fig.  1*.  Growth  of  stratlotea  as  indicated  by  changes  in  leaf  length  fro*  the  day  of 
unfurling  (day  0).  FMEL  plants  (n  -  25  leaves  aeasured)  grew  in  a  plastic  wading  pool  with  pond 
water  fro*  CF.  Chinese  Fara  plants  (n  *  38  leaves)  were  Measured  in  undisturbed  ponds. 


Water  quality 

On  all  sample  dates  nitrates  and  nitrites  were  below  the 
limits  of  detection  (0.033  and  0.088  mg/ml,  respectively)  of  the 
Hach  Kit.  Ammoniacal  nitrogen  and  dissolved  oxygen  were  slightly 
higher  at  CF  than  at  HWY  614,  but  the  differences  were  not 
significant  (Table  I) .  However,  total  phosphates  were  more  than 
40X  higher  at  CF  than  HWY  614,  this  difference  highly 
significant.  The  pH  at  HWY  614  was  slightly  acidic  and 
consistently  less  than  the  neutral  pH  at  CF.  Daytime  (PM) 
temperatures  recorded  at  the  two  sites  were  not  statistically 
different. 
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Fig.  15.  Changes  In  leaf  angle  with  respect  to  the  water  surface  as  a  function  of  leaf  age  of  P. 
stratlotes;  n  ■  43  leaves  for  CF.  n  «  27  leaves  for  FMEL. 


Table  I.  Mean  values  (♦  1  s.  dev. I  of  water  quality  measurements  taken  Monthly  from  October  1985 
to  April  1987. 


KH  (mq/ml) 

4 


zl 

P0  (mq/ml) 
4 


ILiL.  Cq/»i> 


water  temp.  (C) 


CF  l.S4(0.47) 

HWY614  1.23(0.46) 


20.68(2.93) 

0.51(0.40) 


2.14(1.62) 

1.21(1.53) 


7.01(0.25) 


20.53(3.57) 


6.74(0.30)  19.93(3.33) 


<0.001 


*  «  unpaired  t-test,  variances  not  assumed  equal 


Hansonia  life  stages 


Egg  mass  density  was  lowest  between  January  and  June  and 
highest  during  the  latter  half  of  each  year  (Fig.  16)  .  The 
average  number  of  masses  per  leaf  was  higher  at  CF  than  HWY  614 
on  most  sampling  dates,  a  collection  in  late  August  1986  being  a 
notable  exception.  Egg  mass  densities  over  the  entire  observation 
period  averaged  0.050  and  0.034  masses  per  leaf  at  CF  and  HWY 
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Fig.  16.  Seasonal  densities  of  viable  Hansonla  egg  Masses  on  stratlotes  leaves  at  two  sites. 
Approximately  100  leaves  >  10  cm  long  were  examined  from  £a  ten  plants  during  each  survey. 


614,  respectively.  Based  on  head  capsule  width  measurements  of 
first  instar  larvae  from  the  first  146  egg  masses  collected,  87% 
were  Us.  dyari  and  13%  were  titillans. 

The  average  abundances  of  larvae  and  pupae  per  quadrat 
sample  were  smaller  at  HWY  614  than  CF  on  all  sample  dates  but 
one  (Fig.  17),  the  unique , interval  in  early  September  of  higher 
density  at  HWY  614  following  the  unusual  peak  in  oviposition 
observed  at  the  same  site  in  late  August  (Fig.  16) .  The  seasonal 
pattern  of  larval  abundance  was  similar  at  both  sites,  post¬ 
winter  decreases  followed  by  recrudescences  in  the  summer  and 
maximal  densities  in  the  autumn  or  winter.  Comparisons  of  1986 
and  1987  showed  that  larval  densities  were  depressed  less  in  the 
latter  year's  winter.  The  seasonal  changes  in  larval  density 
closely  paralleled  the  temporal  changes  in  leaf  areas  of  P. 
stratiotes  (Figs.  5  &  6) . 


Fig.  17.  Seasonal  densities  of  larval  and  pupal  Hanson  la  recovered  per  quadrat  sample  of  E*. 
stratlotes.  Values  are  means  of  five  quadrat  samples. 

The  average  numbers  of  adult:  Mansonia  were  highest  during 
the  first  two  months  of  emergence  trapping  and  never  returned  to 
these  levels  in  the  following  1.5  years  (Fig.  18).  There  is 
reason  to  suspect  that  the  low  catches  were  partly  due  to 
predation  within  traps.  Seasonal  fluctuations  in  abundance,  so 
far  as  discernible,  showed  that  most  adult  emergence  occurred  in 
the  latter  half  of  1986,  although  there  was  evidence  of  a  spring 
emergence  following  the  milder  winter  in  1987.  The  percentage  of 
Mansonia  adults  identified  as  IL_  titillans  was  significantly 
higher  at  HWY  614  (45/157  =  28.7%)  than  at  CF  (52/2003  «=  2.6%) 

(957.72  =  Gadj  »  chi-squared #001  =  10.83). 

Oviposition  site  selection 

The  temporal  occurrence  of  upper  and  lower  egg  massses  was 
compared  at  both  sites,  but  there  were  no  indications  of  seasonal 
trends  in  the  frequencies  of  use  of  the  two  surfaces  (Fig.  19) . 
At  CF,  egg  masses  were  predominantly  on  upper  leaf  surfaces 
(162/265  =  61.1%)  whereas  at  HWY  614  egg  masses  were  most  common 
on  under  surfaces  (100/160  =  62.5%).  These  frequencies  are 
significantly  different  (36.11  =  Gadj  »  chi-squared ( .001)  = 
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Fig.  18.  Seasonal  densities  of  adult  Hansonla  caught  In  two  emergence  traps,  each  covering  1 
of  water  lettuce.  Each  collection  covers  a  one-week  period. 


10.83).  The  high  under-surface  frequency  at  HWY  614  was  heavily 
influenced  by  the  collection  on  August  20,  1986  when  84.6% 
(44/52)  of  the  egg  masses  found  were  on  lower  leaf  surfaces. 

Among  207  viable  Mansonia  egg  masses  whose  positions  on 
leaves  were  mapped,  35.3%  were  on  the  under  surfaces.  All 
undersurface  masses  were  within  0.25  cm  of  the  leaf  edge  except 
for  four  which  were  laid  apparently  through  holes  caused  by 
herbivorous  insect  damage  (Fig*  20).  The  location  of  masses 
suggests  that  under-surface  oviposition  is  performed  with  the 
female  secured  by  mid-  and  hind  legs  legs  to  the  upper  surface, 
bending  her  abdomen  into  the  water  to  reach  the  underside 
(22). 

The  remaining  134  egg  masses  (64.7%)  were  found  on  upper 
leaf  surfaces.  Prior  to  this  report,  only  anecdotal  information 
(23)  had  ever  documented  upper-surface  oviposition  by  Mansonia. 
Upper-surface  masses  were  usually  located  near  the  water  line  at 
the  proximal  end  of  the  leaf,  but  were  evenly  distributed  across 
the  breadth  of  this  line  (Fig.  21)  .  Many  egg  masses  were 
recovered  well  above  the  water  line,  which  would  seem  to  strand 
larvae  hatching  in  such  locations. 
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Fig.  20.  The  spatial  distribution  of  Hansonla  egg  Basses  on  the  under  surfaces  of  stratlotes 

leaves  sampled  between  September  1985  and  January  1986  during  which  time  3,257  leaves  were 
exaalned.  Each  black  dot  represents  a  single  egg  mass.  Ellipses  are  holes  caused  by  Insect 
damage  through  which  four  masses  were  laid. 

UPPER  LEAF 

n  =134  EGG  MASSES 


i - \ 

lcm 

Fig.  21.  The  spatial  distribution  of  Mansonla  egg  masses  on  the  upper  surfaces  of  P  stratlotes 
leaves  sampled  between  September  1985  and  January  1986.  Each  dot  represents  a  single  egg  mass. 
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As.  many  as  five  viable  egg  masses  were  recovered  from  single 
leaves  among  the  9,621  examined  from  nature  (Fig.  22).  The 
frequency  distribution  of  egg  masses  per  leaf  was  significantly 
different  from  a  Poisson  (random)  distribution  (347.92  =  Gadj.  » 
chi-squared  (.001) (2df)  *  13.82).  The  variance/mean  ratio 
(coefficient  of  dispersion)  was  far  greater  than  one,  indicating 
clumping  (overdispersion)  of  egg  masses. 


i  I  oes. 
V///A  POISSON 


Fig.  22  The  frequency  distribution  of  number  of  egg  messes  per  leaf  from  fortnightly  surveys  (  n 
«  9.934  leaves  examined)  compared  to  an  expected  distribution  based  on  a  Poisson. 


In  three  separate  trials  with  gravid  dvari  confined  in 
cages,  67  to  74  %  of  egg  masses  were  laid  on  the  upper  surfaces 
of  leaves  of  intact  stratiotes  plants  (Table  II) .  By  contrast, 
in  a  single  trial  with  It  titillans,  no  egg  masses  were  deposited 
on  upper  leaf  surfaces.  These  experiments  confirm  that  ML.  dvari 
possesses  a  behavioral  flexibility,  absent  in  the  related  M. 
titillans.  in  oviposition  site  slection  on  £*_  stratiotes. 

To  examine  how  leaf  orientation  influenced  oviposition  site 
selection  by  ^  dvari .  gravid  females  were  exposed  overnight  to  a 
tray  of  excised  !Pi_  stratiotes  leaves  which  floated  flat  on  the 
water  surface.  Under  these  conditions,  all  egg  masses  were  laid 
on  leaf  undersides  (Table  III) .  These  results  suggest  that 
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Table  II.  Oviposition  of 

two  species  of  Mansonla  on 

whole  P.  stratlotes  plants 

In  cages. 

Species 

Trial  no. 

K&.  leave*  fiSUU 

No.  uppcc  passes 

to-  under  Basses 

tk  dttrl  1 

58 

20 

8 

tk  drarl 

2 

52 

12 

6 

tk  dvari 

3 

144 

38 

12 

Ik  titillans  1 

a  »  total  no.  of  leaves 

a 

not  recorded 

0 

9 

Table  III.  Oviposition  of  two  specie*  of  Mansonla  on  floating  stratlotcs  leaves  In  cages. 


specie 

No.  trials 

Ha*.  leaves  With  MUM 

No.  upper 

No.  lower 

Ik  drarl 

1 

a 

0 

22 

tk  titillans 

1 

s 

0 

5 

dvari  may  use  some  cue  associated  with  leaf  orientation,  such  as 
angle  from  the  horizontal,  to  decide  upon  upper  versus  lower 
oviposition.  As  expected,  all  its.  titillans  masses  were  found  on 
the  undersides  of  leaves. 

Egg  masses  of  dvari  incubated  in  the  laboratory  required 
an  average  of  eight  days  from  oviposition  to  hatch  at  26  C  and 
between  15  and  16  days  at  20°C  (Table  IV) .  If  the  long  incubation 
time  of  eggs  allowed  masses  originally  oviposited  above  the  water 
line  to  subside  towards  the  water  as  the  leaf  ages  (Fig.  15) ,  a 
correlation  between  egg  mass  age  and  leaf  angle  from  the 
horizontal  might  be  detectable.  Angles  of  leaves  which  held  egg 
masses  were  measured  at  CF,  and  these  masses  brought  to  the 
laboratory  for  incubation  at  26°  C  until  hatching.  There  was  no 
significant  correlation  (product-moment  £)  between  leaf  angle  and 
number  of  days  to  hatch  (Table  V) .  Neither  mean  times  to  hatch 
nor  mean  leaf  angles  of  upper  versus  lower  egg  masses  were 
significantly  different  (£  =  0.25  &  -1.59,  both  ns),  suggesting 
that  upper  or  under  surface  oviposition'  may  be  determined  only 
after  the  appropriate  leaf  has  been  chosen. 

Table  IV.  Egg  Incubation  tlaes  for  Mansonla  at  two  teaperatures. 

Nuaber  of  daTS  frosi  oviposition  until  hatch 
7  8  9  .  15  16  17 

Teap.  <C> 

20  7  1  4 

26  17  1 
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Tabic  V.  Association  of  leaf  angles  fro*  the  horlxontal  and  developmental  tlaes  of  egg  masses. 


lean  male  <».<teva 

lean  dart  ts.dcv. > 

&s  ctl9al<?n 

correlation  Id 

Upper  Basses 

54 

28.0  (IS. 3) 

5.9  (2.3) 

0.19  (ns) 

Under  masses 

41 

33.2  (14.7) 

5.7  (3.6) 

-0.02  (ns) 

The  survivorship  of  larvae  which  hatched  out  of  water  was 
inversely  related  to  the  tine  between  hatch  and  egg  mass  j 

submersal.  Larvae  which  remained  sequestered  in  their  egg  shells 
just  one  day  after  hatching  showed  negligible  mortality,  but 
survival  dropped  dramatically  after  two  and  three  days  of  post¬ 
hatch  maintenance  out  of  water  (Table  VI) . 


Table  VI.  Survivorship  of  tL.  dvarl  larvae  experiencing  delayed  ecloslon. 


I 


tiovire  4el«re4 

No.  of  masses 

Larval  survival  ill 

No.  masses  with 
total  Bortalltr 

24 

8 

97.8 

0 

48 

11 

15.8 

5 

72 

9 

7.2 

5 

Insects  from  Pistia  roots 

Identifications  of  entomofauna  recovered  in  quadrat  samples 
are  tabulated  in  Appendix  I.  For  the  73  quadrat  samples  scored 
from  CF,  the  number  of  individuals  of  each  insect  order  was 
tallied.  Diptera  were  most  abundant,  followed  in  sequence  by  I 

Odonata,  Hemiptera  and  Odonata  (Fig.  23).  Aquatic  Lepidoptera  and 
Ephemeroptera  comprised  much  smaller  proportions  of  the  total. 

When  length  measurements  from  collected  specimens  were  used 
to  estimate  biomass  from  t)ae  length  versus  dry  weight  regressions 
of  Smock  (1980),  the  rank  order  of  importance  of  the  six  ! 

commonest  orders  was  altered  (Fig.  24).  Odonata  contributed  an 
order  of  magnitude  more  biomass  than  Diptera,  the  former 

accounting  for  77.0%  and  the  latter  12.8%  of  the  insect  dry 
weight  associated  with  £*.  stratiotes  roots.  Coleoptera  ranked 
third  in  biomass,  but  the  contribution  of  this  order  was  only 
9.5%  of  the  total  estimate.  - 
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ORDER 


Fig.  23.  Total  abundances  of  number  of  Individual  Insects  of  the  six  commonest  orders  taken  In 
monthly  quadrat  samples  (n  *  73)  at  CF  between  November  1985  and  March  1987.  Abbreviations:  Dip 
•  Dlptera,  Odo  •  Odonata,  Hen  •  Hemlptera,  Col  «  Coleoptera,  Lep  *  Lepidoptera  and  Eph  « 
Ephemeroptera . 


Odo  Olo  Col  Horn  Lep  Eph 


Order 


Fig.  24.  Estimated  biomasses  of  commonest  Insect  orders  taken  in  monthly  quadrat  samples  in  * 
73)  at  CF  between  November  1985  and  March  1987.  Dry  weights  were  estimated  from  length 
measurements  and  length  versus  weight  regressions  in  Smock  (1980).  Abbreviations  as  in  Fig.  23. 


The  mean  number  of  aquatic  insect  species  per  quadrat  was 
compared  among  eleven  successive  sample  dates  at  CF.  Species 
richness  ranged  from  13  to  17  per  quadrat  and  was  lowest  in 
October  and  highest  in  December  (Fig.  25) .  The  cause  of  the 
decrease  in  number  of  species  during  October  is  unclear,  although 
the  fewest  numbers  of  Odonata  were  recorded  in  that  month  (Fig. 
26) . 

Because  of  their  apparent  important  contribution  to  the 
invertebrate  community  on  stratiotes  roots  and  our  ability  to 
recognize  individuals  by  species,  particular  attention  was 
devoted  to  the  Odonata  in  CF  quadrat  samples.  Seasonally,  the 
numbers  of  individual  odonates  per  quadrat  peaked  in  the  winter, 
maxima  observed  in  January  1986  and  February  of  1987  (Fig.  26) . 
The  average  number  of  individuals  per  quadrat  was  lowest  from 
April  through  October  of  1986. 


Examination  of  size  class  frequencies  of  the  most  abundant 
odonate  species,  the  zygopteran  Telebasis  bversi.  revealed  that 
periods  of  relatively  high  odonate  abundance  such  as  December 
1986  through  February  1987  were  characterized  by  the  numerical 
dominance  of  the  smallest  size  class  (Fig.  27) .  However,  by  April 
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Fig.  25.  Seasonal  variation  In  species  richness  of  aquatic  Insects  from  quadrat  samples  at  CF. 
Vertical  bars  denote  ♦  1  s.e. 
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Fig.  26.  Seasonal  abundance  of  larval  Odonata  in  aonthl y  quadrat  saaples  at  CF.  Vertical  lines 
denote  +  1  s.e. 


these  smallest  nymphs  were  no  longer  the  commonest  size  class, 
and  the  total  reduction  in  odonate  numbers  during  the  spring 
pointed  towards  prominent  mortality  among  early  instars  of  2\ 
byersi.  The  occurrence  of  the  largest  size  class  only  during  the 
spring  suggested  that  this  species  is  univoltine  in  our  area. 

Although  the  average  number  of  Zygoptera  exceeded  that  of 
Anisoptera  because  of  the  numerical  dominance  of  T_s_  byersi , 
Anisoptera  contributed  more  to  insect  biomass  in  quadrats  (Table 
VII)  owing  to  their  larger  size.  For  example,  the  largest 
Anisopteran,  Corvphaesna  adnexa,  accounted  for  only  1.6%  of  the 
number  of  odonates  per  square  meter,  yet  21.9%  of  the  total 
odonate  biomass. 


Table  VII.  Abundance  Measures  and  biomass  estimates  of  seven  larval  Odonata  recognized  from 
quadrat  samples  at  Chinese  Farm. 


2 

Species 

Mean  no. /■ 

S.E. 

Bloaass  <«a) 

Ervthemls  slnpllclcollls 

33.78 

3.68 

1947.37 

Pachvdlplax  lonolpennls 

27.30 

3.09 

4252.49 

Corvohaeschna  adnexa 

7.87 

1.63 

3744.48 

Hlathvrla  Marcella 

5.50 

0.60 

370.50 

Telebasls  bversl 

156.95 

19.14 

5771.52 

Ischnura  poslta 

12.13 

2.14 

482.41 

Ischnura  rambul 

8.00 

2.54 

512.93 
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LENGTH  (mm) 

Fig.  27.  Size  frequency  distributions  of  the  zygopteran  Telebasls  brers!  In  aonthly  quadrat 
saaples  froa  CF.  Each  date  shows  the  total  larval  abundance  in  five  quadrat  saaples  except  March 
and  April  1986  when  four  saaples  were  taken. 


Predation  on  Mansonia  larvae 

Examination  of  the  foreguts  of  both  Zygoptera  and  Anisoptera 
collected  from  CF  revealed  evidence  of  odonate  predation  upon 
Mansonia  larvae.  It  was  possible  to  discern  the  remains  of 
identifiable  invertebrates  in  77  odonate  guts  and  of  these,  20.7% 
contained  parts  of  Mansonia  exoskeleton  (Table  VIII) . 

Fish  were  captured  from  two  separate  CF  ponds  by  dipping 
with  a  bucket  or  with  a  Hart  trap  set  for  four  days.  In  both 
cases,  dissection  of  the  fish  revealed  Mansonia  exoskeletal 
remains  in  the  guts  of  some  af finis,  but  none  in  FjL.  formosa 
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Table  VIII.  Surveys  of  odonates  fro*  CF  for  Hansonia  renalns  In  dissected  guts. 


Collection 

Pond 

Odonata 

Median  len.  (aa) 

No.  uith 

No.  with 

date 

No. 

(ranoe) 

Inverts 

Mansonia 

1/29/86 

A8 

10  Zygoptera 

12  (10-15) 

10 

1 

10  Anlsoptera 

7.5(5-26.5) 

10 

3 

1/31/86 

A10 

7  Zygoptera 

9.5(8-10) 

3 

1 

7  Anispotera 

9  (7-15.5) 

6 

0 

XI/17/86 

A8 

16  Zygoptera 

6  (4-11) 

6 

1 

13  Anlsoptera 

9.5(5-18) 

10 

2 

1/5/87 

A8 

77  Zygoptera 

7  (3-13) 

24 

6 

9  Anlsoptera 

9  (4-19) 

8 

2 

(Table  IX).  Overall,  43.5%  of  the  G_^  af finis  with  identifiable 
invertebrates  contained  pieces  of  Mansonia  exoskeletons  in  their 
guts. 


During  January  and  February  of  1987,  17  ponds  with  P. 
stratiotes  were  surveyed  for  the  abundance  of  Mansonia  larvae  and 
pupae  by  censusing  the  mosquitoes  on  the  roots  of  three  plants.  A 
range  of  one  to  708  larvae  and  pupae  were  recovered  per  pond 
(Table  X) .  The  fish  populations  in  each  pond  were  censused  with  a 
single  Hart  trap.  A  range  of  0  to  48  Gj.  aff inis  were  caught  per 
trap  with  a  median  number  of  17.  Although  up  to  4  5  iL_  formosa 
were  caught  in  a  pond,  the  median  of  this  species  was  zero. 
Because  of  the  evidence,  reported  above,  of  aff inis  predation 
on  Mansonia  larvae,  we  attempted  to  correlate  numbers  of 
collected  Mansonia  and  G^_  af finis  with  a  rank-order  coefficient. 

A  calculated  negative  coefficient  was  not  statistically 
significant  (Spearman's  rho  =  -0.31,  ts  =  1.26,  18  df ) . 

Studies  of  predation  by  fish  on  Mansonia  larvae  attached  to 
Pistia  in  aquaria  confirmed  the  impact  of  G^.  aff  inis  and  the 
relative  inefficacy  of  jL  formosa.  At  ratios  of  1  iL.  af  finis  to 
10-13  Mansonia .  65  to  95  %  of  larvae  were  'missing'  from  roots  24 
hours  after  the  initiation  of  the  experiment  (Table  XI)  .  By 
contrast,  one  m.  formosa  ‘■for  each  eight  Mansonia  reduced  mosquito 
numbers  by  only  29%  during  the  same  observation  period. 


Table  IX.  CF  fish  dissected  for  stomach  contents 

No.  of 


Collection 

Pond/ 

Mansonia 

larvae  on 

f lve  plants 

Fish  No. 

with 

No.  with 

date 

method 

I 

II 

III 

IV 

E 

examined  Inverts. 

Mansonia 

1/9/87 

B4/ 

21 

65 

99 

41 

1 

12  G.  aff Inis 

12 

7 

bucket 

8  H.  formosa 

0 

0 

II/5/87 

C3/ 

7 

213 

284 

202 

2 

16  G.  aff lnls 

11 

3 

Kart 

1  H.  formosa 

0 

0 

I 
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Table  X.  Survey  of  17  CF  ponds  for  Hansonla  and  fish.  January  -  February  1987. 


Pood 

Humber  of  Mansonia  on 

three  plants 

Number  of  fish  caught  in  Hart 

I 

11 

111 

IV 

E 

Tali 

C.  aff Inis 

H.  formosa 

A2 

0 

0 

0 

2 

0 

2 

17 

14 

A3 

0 

0 

0 

1 

0 

l 

25 

45 

A4 

3 

1 

2 

2 

0 

8 

0 

1 

AS 

0 

4 

0 

0 

0 

4 

6 

7 

A7 

2 

17 

54 

113 

1 

187 

0 

0 

A8 

47 

129 

126 

349 

2 

653 

0 

0 

A13 

1 

16 

2 

3 

0 

22 

24 

7 

A14 

1 

2 

2 

3 

0 

a 

18 

0 

B2 

0 

1 

0 

2 

0 

3 

46 

0 

B3 

0 

3 

1 

1 

0 

5 

25 

0 

B4 

3 

30 

42 

60 

0 

135 

12 

3 

B8 

2 

6 

3 

4 

0 

15 

34 

0 

B9 

17 

28 

18 

10 

0 

73 

48 

0 

Cl 

6 

38 

15 

6 

0 

65 

11 

0 

C2 

1 

11 

10 

4 

0 

26 

15 

0 

C3 

7 

213 

284 

202 

2 

708 

17 

5 

C4 

5 

18 

19 

5 

0 

47 

29 

6 

Table  XI.  Fish  predation  upon  Mansonia  larvae  attached  to  E*.  stratlotes  in  aquaria*. 


Ex  per. 

No. 

Orig.  no. 

No.  of 

fish 

Mansonia  remaining 

no. 

plants 

Mansonia** 

G.  afflnls 

H.  formosa 

after  24  h 

loss 

la 

2 

100 

10 

- 

5 

95 

b 

1 

50 

S 

- 

3 

90 

c 

1 

50 

- 

- 

50 

0 

2a 

1 

80 

t 

5 

- 

28 

65 

b 

1 

80 

- 

* 

76 

5 

3a 

1 

80 

10 

57 

29 

b 

1 

80 

- 

- 

75 

6 

*  80-lltre  aquaria  containing  large  plants  In  filtered  pond  water.  Larvae  allowed  24  hr  to 
attach  before  fish  were  Introduced. 

**  III  ♦  IV  lnstars 


Odonate  larvae  collected  in  quadrat  samples  were  isolated 
with  known  numbers  of  Mansonia  larvae  attached  to  roots  in 
beakers  or  aquaria.  Limited  predation  by  byersi  or  P^. 
longjpennis  was  inferred  from  Mansonia  missing  in  beakers  (Table 
XII) .  Larger  numbers  of  }both  odonate  larvae  and  potential  prey 
increased  probable  predation,  and  Mansonia  remains  were  detected 
in  dissected  guts  of  Tj.  byersi,  EL*,  simplicicollis  and  C*.  adnexa . 
However  in  one  trial,  the  reduction  in  Mansonia  abundance  in  an 
aquarium  with  odontates  was  no  less  than  in  a  control  without 
predators  (Table  XII) . 


Larval  disoersa] 


The  sampling  regimen  of  Bailey  (21)  was  repeated  to 
substantiate  his  claim  that  nocturnal  collections  of  Mansonia 
larvae  yielded  significantly  fewer  larvae  than  diurnal 
collections  from  the  same  habitat.  Ten  plants  collected  at  2100  h 
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Table  XII.  Odonate  predation  upon  Hansonia  larvae  attached  to  stratlotea  roots  in  vessels. 


Vessel 

Predators  No. 

of  Hansonia 

tlae 

No.  Hansonia 

Cut  content  analysis 

exp. (hr) 

remaining 

of  odonates 

1000  al 

8  J \  bversi 

7 

48 

3 

no  Hansonia 

beaker 

remains 

1000  al 

2  P.  lonolpennls 

5 

90 

3 

. 

beaker 

control 

5 

90 

5 

aquarium 

2  C.  adnexa 

170 

48 

113 

Hansonia  in  outs  of 

6  P.  lonoioennis 

1  E.  slmpliclcollis 

S  E.  slmpliclcollis 

& 

6  T.  bversi 

1  T.  bversi 

3  Ischnura  so. 

aquarium 

1  C.  adnexa 

100 

48 

74 

Hansonia  In  out  of 

2  E.  slmpliclcollis 

C.  adnexa 

4  P.  loncripennis 

control 

100 

48 

72 

yielded  a  mean  of  4  3.4  +  25.2  (s.d)  larvae  while  ten  additional 
plants  collected  at  0900  h  the  following  morning  harbored  17.1  + 
9.1  (s.d)  larvae  per  plant.  Nocturnal  collections  were 
significantly  larger  at  P  =  0.07  (t  =  1.91,  18  df ) ,  which  does 
not  support  Bailey's  results  or  hypothesis  of  nocturnal  larval 
dispersal . 

The  placement  of  cleaned  plants  in  ponds  to  test  for 
dispersal  and  colonization  by  larvae  yielded  mixed  results.  In 
pond  A3  which  had  background  densities  of  ca  100  larvae  per 
plant,  there  was  little  evidence  of  recruitment  one  or  four  days 
after  setting  cleaned  plants  (Table  XIII).  However  when  natural 
densities  neared  400  larvae  per  plant  in  pond  A7,  migration  of 
larvae  to  cleaned  plants  was  observed  at  one,  four,  or  eight  days 
after  setting.  Larval  densities  on  the  experimental  plants  at 
four  or  eight  days  exceeded  background  densities  (Table  XIII) . 
Most  larvae  on  experimental  plants  were  later  instars, 
substantiating  that  colonization  had  occurred  by  larval  dispersal 
from  other  roots  rather  than  by  hatching.  When  this  experiment 
was  repeated  undersimilar  conditions  in  the  same  pond  one  month 
later,  results  were  dramatically  different.  In  this  second 
experiment  at  A7,  there  was  only  slight  evidence  for  colonization 
of  cleaned  plants  eight  days  after  setting,  recruitment  being  far 
below  that  observed  in  the  previous  trial. 

Table  XIII.  Colonization  of  cleaned  stratiotcs  plants  by  Hansonia  larvae. 


Date  exper.  CF  Pond  Background  Hansonia  Avg.  instar  Mean  no.  recovered  after: 


density  <x+SE, 

n-5) /plant 

No.  (AIN) 

lh 

Id 

4d 

8d 

IX/ 86 

A3 

95.8  ♦ 

26.8 

3.0 

0.8 

0.2 

- 

- 

IX-X/86 

A3 

101.4  + 

51.5 

2.8 

0.8 

- 

2.2 

- 

XI/ 86 

A7 

396.4  ♦ 

238.0 

3.0 

11.6 

72.2 

481.2 

588.0 

XII/86 

A7 

316.6  * 

120.1 

2.6 

'  16.6 

1.2 

5.6 

29.2 

VI.  Discussion  and  Conclusions 


The  seasonal  growth  of  stratiotes  at  our  study  sites  was 
similar  to  the  phenology  of  another  common  floating  macrophyte 
Eichhomia  crassjpes  (water  hyacinth)  in  a  north-central  Florida 
lake  (24) .  Both  of  these  tropical  aquatic  plants  were  negatively 
affected  by  cold  which  depressed  leaf  (lamina)  areas  and  plant 
biomass  in  the  winter.  In  both  species  of  macrophytes,  spring 
regrowth  was  manifested  by  production  of  large  numbers  of  small 
leaves.  However,  £a.  crassjpes  biomass  decreased  in  the  autumn, 
whereas  during  the  same  season  stratiotes  maintained  or 
increased  vernal  standing  crop  levels.  Center  and  Spencer  (24) 
concluded  that  solar  radiation  and  intraspecific  competition  were 
important  factors  determining  the  productivity  of  crassjpes  in 
Florida;  the  relative  contributions  of  these  variables  to  growth 
of  Pi.  stratiotes  in  south  Florida  is  not  clear. 

Most  measures  of  P^.  stratiotes  growth  at  CF  and  HWY  614  fell 
within  ranges  observed  for  this  species  in  a  tropical  lake  (14) . 
Unlike  Florida,  no  biomass  depressions  due  to  winter  cold  were 
observed  in  the  tropics,  where  diebacks  have  been  attributed  to 
depletion  of  nutrients  (25)  or  viral  disease  (26) .  In  both  Ghana 
(14)  and  Florida,  peak  flowering  occurred  in  December  following 
periods  of  steady-state  maintenance  of  high  standing  crops.  At 
both  sites,  plant  densities  and  RGRs  increased  at  similar  rates 
after  dieback,  regardless  of  the  cause  of  decline. 

The  first  two  months  of  Mansonia  egg  surveys  suggested  that 
oviposition  intensity  was  similar  at  CF  and  HWY  614.  However,  in 
the  subsequent  twenty  months  egg  mass  densities  at  CF  exceeded 
HWY  614  on  all  but  three  sampling  occasions.  The  difference 
between  larval  densities  at  the  two  sites  was  even  greater  than 
egg  densities,  possibly  indicating  that  larval  mortality  may  be 
higher  at  HWY  614.  Some  larvae  were  recovered  at  CF  on  all 
sampling  dates,  whereas  the  local  larval  populations  at  HWY  614 
were  completely  depleted  after  winter  cold  in  both  1986  and  1987. 
Almost  twenty  times  the  number  of  Mansonia  adults  were  captured 
in  emergence  traps  at  CF  compared  to  HWY  614,  although  the 
absolute  numbers  in  traps  ,did  not  accurately  measure  the  emergent 
mosquito  population.  The  differences  in  relative  abundance  of  M. 
titillans  compared  to  Mj.  dvari  at  the  two  sites  may  indicate  that 
local  conditions  at  CF  and  HWY  614  differ  in  their  suitability 
for  the  two  species. 

Among  measures  of  water  quality  variables,  CF  and  HWY  614 
differed  significantly  only  in  pH  and  total  phosphates.  The 
average  pH  at  both  sites  was  near  neutral,  which  is  believed  to 
be  optimal  for  P^.  stratiotes  (27)  in  spite  of  one  report  that 
water  lettuce  favors  acidic  conditions  (28) .  Phosphorus  levels  at 
both  sites  were  above  0.50  -  1.0  rag/1  believed  to  be  the 

threshold  required  for  floating  macrophytes  (24),  and  si fficient 
nitrogen  should  have  been  available  from  ammonium,  the  major 
source  of  this  element  for  freshwater  macrophytes  (29) . 


What,  then,  may  be  the  causes  of  the  differences  in 
productivity  of  It  dvari  at  CF  compared  to  HWY  614?  One  obvious 
factor  is  the  lower  stratiotes  biomass,  and  hence  reduced 
substrate,  at  HWY  614  compared  to  CF.  Although  both  sites 
experienced  reductions  in  water  lettuce  density  after  winter 
cold,  the  diminution  at  HWY  614  was  more  severe,  causing  virtual 
elimination  of  the  root  substrate  for  three  months  in  1986.  While 
local  extinctions  may  be  temporary,  it  may  take  Mj_  dvari 
multiple  generations  to  rebuild  to  abundance  levels  observed 
prior  to  habitat  disruption.  Mansonia  dvari  are  not  vagile 
mosquitoes  as  adults  (30),  and  weak  adult  dispersal  would  further 
delay  recolonization  of  depleted  habitats. 

Predation  may  also  keep  M^.  dyari  abundance  levels  lower  at 
HWY  614.  Fish  were  extremely  common  at  HWY  614,  although  no 
population  estimates  were  done  to  compare  the  two  sites.  Evidence 
presented  elsewhere  in  this  report  indicates  that  mosquitof ish, 
G.  affinis.  have  the  potential  to  regulate  M^.  dvari  populations. 

The  specificity  of  oviposition  site  selection  by 
phytophagous  insects  on  plants  has  been  the  subject  of  many 
recent  investigations  (3 1)  . Herbivorous  insects  specific  to 
floating  macrophytes  also  show  great  selectivity  in  oviposition 
site  selection  (32)  .  Most  previous  field  studies  on  oviposition 
by  Mansonia  focused  on  egg  mass  aggregation  and  gross  features  of 
favored  habitats  (33-35)  instead  of  mapping  egg  mass  locations  on 
plants.  The  research  presented  in  this  report  is  the  first 
recognition  of  an  ovipositional  specialization  by  Mansonia 
particularly  adapted  to  egg  placement  on  emergent  floating 
vegetation.  The  discovery  of  upper  surface  oviposition  by  M. 
dvari  on  P^.  stratiotes  is  the  first  report  of  such  behavior  in 
Mansonia .  except  for  an  anecdotal  note  by  Boreham  (23)  who 
recovered  egg  masses  of  M_;_  leber i  on  both  upper  and  lower 
surfaces  of  water  lettuce  leaves  in  Panama. 

There  are  several  lines  of  evidence  which  suggest  that 
upper-surface  egg  laying  is  a  specialization  of  M^.  dvari  for  P. 
stratiotes.  Firstly,  M^.  titillans .  a  generalist  Mansonia  which 
uses  host  plants  other  ,t,han  water  lettuce,  cannot  lay  upper 
surface  masses.  Secondly,  Mj_  dyari  oviposits  preferentially  on  P. 
stratiotes  leaves  which  are  destined  to  submerge  by  the  time 
hatching  should  occur. 

In  spite  of  the  synchrony  between  egg  development  and  leaf 
senescence,  there  is  still  some  risk  of  desiccation  to  egg  masses 
laid  out  of  water,  especially  if  leaf  drooping  is  delayed  by 
support  of  crowding  neighboring  plants.  Since  larval  hatch  out  of 
water  produces  high  mortality,  there  should  be  some  advantage  to 
upper  surface  oviposition  that  counterbalances  the  risk  of 
desiccation.  In  view  of  the  abundance  of  aquatic  predators 
associated  with  stratiotes  roots,  eggs  laid  out  of  water  may 
be  more  protected  from  attacks  by  carnivorous  invertebrates. 

Examination  of  the  invertebrates  inhabiting  F\_  stratiotes 
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roots  revealed  that,  although  Diptera  were  numerically  dominant, 
Odonata  accounted  for  a  far  larger  proportion  of  the  biomass  than 
any  other  insect.. order.  The  numerical  dominance  of  Diptera  and 
biomass  dominance  of  Odonata  had  previously  been  observed  for  the 
invertebrate  community  on  water  lettuce  in  Ghana  (36) . 

Since  the  work  of  Van  den  Assem  (37) ,  it  has  been  assumed 
that  Mansonia  larvae  and  pupae  escape  intense  predation  because 
of  their  attachment  to  roots.  However,  Van  den  Assem  examined  a 
very  narrow  range  of  predators.  The. current  report  is  the  first 
to  describe  significant  predation  of  Mansonia  larvae  and  pupae  in 
nature.  The  most  important  predator  at  our  field  sites  seems  to 
be  G i.  affinis.  Although  larvivorous  fish  are  the  most  widespread 
and  effective  biocontrol  agents  used  against  mosquitoes  (38) , 
they  are  not  deployed  to  control  Mansonia  (39)  .  Our  report  is 
also  the  first  to  document  predation  by  Odonata  or^  Mansonia  in 
nature,  although  dragonfly  larvae  have  long  been  known  to  include 
some  mosquitoes  in  their  diets  (40) .  For  both  affinis  and 
Odonata,  it  will  be  important  to  examine  in  future  studies  how 
these  predators  locate  Mansonia  prey  attached  to  roots. 

If  mature  Mansonia  larvae  periodically  leave  roots  to 
disperse  to  other  sites,  they  might  be  more  susceptible  to 
predation  during  detachment.  Experiments  reported  herein  cast 
doubt  upon  the  postulated  nocturnal  dispersal  of  larvae  (24)  .  The 
tremendous  recruitment  to  'cleaned'  stratiotes  plants  seen  in 
one  experiment  indicates  that  some  interplant  movement  does 
occur,  but  at  present  the  stimuli  and  timing  of  larval  dispersal 
need  to  be  resolved  by  further  investigations. 
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Appendix  I.  List  of  invertebrates  and  fish  captured  in  quadrat  * 
9enus  and  species  are  not  given,  identification  was  made  only  to 


Hoi lusca 
Gastropoda 
Pulmonata 
Lyanaeidae 
tOMtt  »P- 
Planorbldae 
Planorba  gmulig 

PtlCCYPQd* 

Faallr  unknown 


Turbellarlt 

lElclafllfl* 

Planarlldae 

Annelida 

Ollgochaeta 

Family  unknown 

Hlrundlnea 
Rhynchobdelllda 
Glosslphonlldae 
Placobdella  ruqosa 

Arthropod* 

Crustacea 
Ostracoda 
Family  unknown 

Copepoda 
Family  unknown 

Amphlpoda 
Talltrldae 
Hvalella  ajtfica 

Decapods 
Family  unknown 

Insec ta 
Dlptera 
Cullcldae 
Hansonia  dyarj 
Mansonla  tltlllans 
Culex  erratlcus 
Culex  ap. 

Anopheles  sp. 

Urano taenia  sp. 


Dlptera  (continued) 
Ceratopogonidae 

Chlronomldae 

Stratloaylldae 
Hedrlodlscus  trlvJ 

IfrSanldflg 


gacnldAg 

Caenls  sp. 

Odonata  , 

Llbellulldae 
Pachydlplax  longlpennls 
Hlatbyrla  marcel la 
Erythenls  slmpllclcollls 

Aeshnldae 


Agrlonidae 
Telefeasls  bversl 
Ischnura  poslta 
Ischnura  rambul 


Healptera 
Pleldae 
Plea  strl.o la 

Naucoridae 
Pelocorls,  feworatus 

Belostoaatldae 
Belostowa  fumlnea 
Lethocerus  sp. 

Corlxldae 

Notonectld&e 

Naucoridae 

Nepldae 
Ranatra  sp. 

Hebridae 

Mesovellidae 


tuples  at  CF  and  KWY  614.  Where 
family  level. 

Coleoptera 
Halipl Idae 

Peltodvtes  sexmaculatUS 
Peltodvcea  Horldenala 

Dytlscidae 

Cellna  slossoni 
Hydroporus  lynceus 
Liodessus  af finis 
Desmopacrla  grana 
Hydatlcus  blmarglnatus 
Laccophllus  proximus 
Copelatus  caelatipennls 
Hydrovatus  pustulatus 


Neohydrophilus  castus 
Enochrus  pyqmaeus 


Paracvmus  nanus 
Paracvaus  sp. 
Troplsternus  lateralis 

Helodidae 

Noterldae 

Hvdrocanthus  oblonqus 
Suphlsellus  Insularls 
Hvdrocanthus  reqjus 


Suphls  py 

Carabidae 

Lathrldldae 

Neuroptera 

Slalldae 


Lepidoptera 
Tlneidae 
Acrolophus  sp. 

Pyralldae 
Samea  sp. 

Arachnida 

Acarina 

Hydrachnellae 


Chaoborldae 


Vertebrata 
Ostelchthyes 
Poeclllldae 
Gambusla  af finis 
Heterandrla  formosa 


Appendix  II.  List  of  Insects  captured  In  emergence  traps  at  CF  and  f(WY  614.  Where 
Identifications  are  given  only  at  the  family  level,  genus  and  species  determinations  are  not  yet 
available. 


Olptera 

Cullcldae 
Culex  erratlcus 
Hanson la  dvarl 
Hansonla  tltlllans 
Anopheles  gm.gla.na 
Anopheles  guadrlmaculatus 
Uranotaenla  lowll 
Uranotaenla  sapohlrlna 
Culex  nlqripalus 
Cooulllettldla  perturbans 

Ceratopogonldae 
Atrlchopogon  cf . levls 
Atrlchopogon  cf .websterl 
Bezzla  glabra 
Cullcoldes  Insignia 
Dasvhelea  mutabills 
Dasvhelea  cf.  grlsea 
Forclpomvla  sp. 

Forclpomvla  calcarata 
Stllobezzla  bulla 
Stllobezzla  cogulllettl 
Stllobezzla  sybleae 

Chlronomidae 
Chlronomus  decorus 
Goeldlchlronomus  holoprasinus 
Honopelopla  bollekae 
Parachlronomus  dlrectus 
Polvpedlluw  trlgonus 
Tanvpus  punctjpennls 
Tanvtarsus  sp. 

Ablabesmvla  peleenls 
Llanoohves  nudlradius 
Larsla  declorata 
Paraaerlna  testa 
Steapelllna  sp. 

Zavrellella  varloennis 

Sclarldae 
Brads ia  sp. 

Chaoborldae 
Chaoborus  sp. 

Stratlomylldae 
Hedrlodlscus  trlvlttatus 

Psychodldae 
Psvchoda  latlventrls 


Syrphldae 
Pal pada  agrorum 

Agronyzidae 

Cecldomyldae 
Karshomvla  sp. 

Bremla  sp. 

Dladlplosls  sp. 
Hycodlplosla 
Ressellella  sp. 
Dldactvlomvla  longlmana 
Leotodlplosls  sp. 

Anarete  sp. 

Chloropldae 

Dollchopodidae 
Chrvsotus  sp. 

Spheroceridae 
Leotocera  sp. 

Ephydridae 

Phorldae 

Tachlnidae 

Tipulldae 

Lepldoptera 

Pyralidae 

Samea  nultlplicalls 
Syncl 1 ta  obllteralls 

Homoptera 
Clcadellldae 
Empoasca  sp. 

Draeculaccpha la  molllpes 
Aleyrodldae 

Trlaleurodes  abutllonea 

Aphldldae 

Thysanoptera 
Phlaeothrlpldae 
Hoolothrlps  f lavlcauda 


Hymenoptera 
Eulophldae 
Tetrastlcus  sp. 

Braconldae 

Dlaprlldae 

Formlcldae 

Trichogrammatldae 

Agaonldae 

Paraprlstlna  vertlcl llata 
Torymldae 

Phllotrypesls  emervl 

Pteromalldae 
Odontof roggatla  ga 1 1 1 1 

Ephemeroptera 
Caenidae 
Caen Is  sp. 

Coleoptera 

Noterldae 

Dytl scidae 

Staphy 1 inidae 
Carpel Imus  sp. 

Thinoblus  sp. 

Euaesthetus  sp. 
Euaesthetus  a tonus 
Weohypnus  puslllus 
Neoblsnlus  ludlcrus 
Myl laena  arcana 
Thecturota  sp. 

Odonata 
Libel lulidae 

Ervthemls  slmpllclcollls 
Mlathrvla  marcel la 

Agrlonidae 
Telebasls  byersi 


i 
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IX.  Personnel  Salaried  by  Project: 

L.  B.  DeWald  (Biological  Scientist)  1985-87 
J.  L.  Fox  (Technician)  1985-86 
N.  Nishimura  (Technician)  1986-87 
V.  L.  Shively  (Technician)  1986 
F.  E.  Vose  (Craftsman)  1985 
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X.  Distribution  List 


5  copies  Director 

Walter  Reed  Army  Institute  of  Research 
Walter  Reed  Army  Medical  Center 
ATTN:  SGRD-UWZ-C 
Washington,  DC  20307-5100 


1  copy  Commander 

US  Army  Medical  Research  and  Development 
Command 

ATTN:  SGRD-RMI-S' 

Fort  Detrick,  Frederick,  MD  21701-5012 


2  copies  Defense  Technical  Information  Center 

ATTN:  DTIC-DDAC 
Cameron  Station 
Alexandria,  VA  22304-6145 


1  copy  Dean 

School  of  Medicine 

Uniformed  Services  University  of  the 
Health  Sciences 
4301  Jones  Bridge  Road 
Bethesda,  MD  20814-4799 


l  copy  Commandant 

Academy  of  Health  Sciences,  US  Army 
ATTN:  AHS-CDM 

Fort  Sam  Houston,  TX  78234-6100 


